Nutrient and chlorophyll a concentrations are generally the basis for trophic state classification because of the strong relation between the two, particularly in lakes. However, this relation is often much weaker in streams because the effect of physical factors on the production and composition of algae. The occurrence of eutrophic conditions in stream is most often related to nuisance algal biomass and excessive nutrient concentrations; the impairment of the beneficial uses of streams from these factors is protected by narrative or numeric criteria. Recently, a guidance document has been released on the development of numeric nutrient criteria in streams, and this approach considers the statistical distribution of nutrient concentrations in streams. We use recently published investigations on stream nutrient concentration and limitation in Oklahoma streams to present potential scenarios in the development of total phosphorus (TP) criteria and compare these investigations with recently promulgated TP criterion in Oklahoma's Scenic Rivers. The percentile distribution of median TP concentrations in Oklahoma streams varied across the state, particularly between the Ozark Highlands and Ouachita Mountains. The 25 th percentile of median TP concentrations in Ozarks streams was generally greater than Oklahoma's Scenic River TP criterion, except in smaller headwater streams. It may be possible to relate soluble P concentrations in Ozark streams to a simple measure of trophic state and determine soluble P concentrations which may limit the potential for algal growth in Ozark streams.
INTRODUCTION
Nutrient and algal chlorophyll a concentrations are generally the basis of trophic state classification in lakes and reservoirs (Carlson, 1977; Kratzner and Brezonik, 1981) because of the positive relation between concentrations of the limiting nutrient and algal chlorophyll a concentrations (Dillon and Kircher, 1974; Canfield and Bachman, 1981) . However, the relation between nutrient and algal chlorophyll a concentrations in streams is more variable (Dodds and Welch, 2000) , because of the effects of floods, water velocity, turbidity, grazing, shading, and catchment area, among other factors (Biggs, 1996; Delong and Brusven, 1992; Dodds, 1991; Lohman and Jones, 1999; Lohman et al., 1992; Jones et al., 1984; Van Nieuwenhuyse and Jones, 1996; Winterbourne et al., 1992) . These physical factors may not only affect algal chlorophyll a concentrations but also shifts in algal community structure of streams (Carpenter and Waite, 2000) . In streams, an increase in nutrient availability generally produces a positive response in algal chlorophyll a concentrations. For example, stream algae respond to the additions of nutrients as commonly observed in nutrient limitation experiments using in situ artificial substata and nutrient enrichment (e.g., see Chessman et al., 1992; Lohman et al., 1992; Matlock et al. 1999a) . But, it is likely more difficult in streams compared to lakes and reservoirs to relate trophic state classification and beneficial use impairments to excessive nutrient concentrations.
The problem most often associated with excessive nutrients in streams is the accrual of nuisance algal biomass when conditions are right and disturbance factors minimal. Welch et al. (1988) reported that nuisance algal biomass may occur when benthic chlorophyll a content exceeds 10-15 µg L -1 cm -2 because the proportion of filamentous algae was generally greater than 20 percent. Nuisance levels of algal biomass may affect the beneficial use of stream systems (Biggs, 1985) . For example, high biomass accrual may impair irrigation withdrawals; contribute to nocturnal oxygen demand producing substantial diel swings in dissolved oxygen and pH; and alter ecosystem by changing habitat and macroinvertebrate community structure. Nuisance production of algal biomass, excessive nutrient concentrations and beneficial use impairment represent a management issue for streams.
Beneficial uses of stream systems are defined by respective States and Tribes; for example, in Oklahoma default beneficial use designation included: (1) Agriculture: livestock and irrigation, (2) Industrial and Municipal Process and Cooling Waters, (3) Aesthetics, (4) Warm Water Aquatic Community: Fish and Wildlife Propagation, and (5) primary Body Contact Recreation (OWRB, 2002) . Beneficial uses, such as these defined, must be supported and protected by numeric or narrative criteria. The development of ecoregion-based nutrient criteria is on the horizon, and documentation has been completed in several ecoregions (e.g., see USEPA, 2000a; 2000b , 2001a 2001b) . States and Tribes are encouraged to modify and improve upon the eco-region based nutrient criteria following some technical guidance (USEPA, 2000c). Robertson et al. (2001) suggested an alternative approach classifying stream by environmental nutrient zones and watershed characteristics when developing stream nutrient criteria. Other states (i.e., Oklahoma) have modified the ecoregion approach of statistical distributions of nutrient concentrations to include streams only within or near state boundaries .
Our objectives are simply to compare two different scenarios on the development of target nutrient concentrations using several previous investigation in Oklahoma streams. Specifically, we will compare statistical distribution of phosphorus (P) concentrations in Ozarks streams of northeastern Oklahoma and northwestern Arkansas to the relation between the Lotic Ecosystem Trophic State Index (LETSI; Matlock et al., 1999b) and soluble reactive P (SRP) concentration of select streams in this region.
METHODS
We used existing publications on nutrient concentration distribution and limiting nutrient studies at streams in northeastern Oklahoma and northwestern Arkansas as the basis for our discussion. Haggard et al. (2003) presented percentile distributions of median NO 2 plus NO 3 -N, total nitrogen (TN), and total P (TP) concentrations in Oklahoma streams. Water-quality data was compiled from 563 sites in Oklahoma and 4 sites in Arkansas near the Oklahoma and Arkansas border. Water-data and site locations were retrieved from the Oklahoma Conservation Commission (OCC), Oklahoma Water Resources Board (OWRB), and the USEPA Storage and Retrieval (STORET) system database. The USEPA STORET database included information from several state and federal agencies, particularly the U.S. Geological Survey. The data from OWRB, OCC, and USEPA were collected from 1998 through 2001, 1990 through 1999, and 1973 through 1995. Detailed methods on the statistical analysis procedures are described in Haggard et al. (2003) , and the percentile distributions were categorized by eight stream categories using various combination of stream order and slope. Detailed methods on using GIS data to determine stream order and reach slope at water-quality sites are described in Masoner et al. (2002) .
Information was compiled from several studies evaluating the limiting nutrient status of Ozark stream in northeastern Oklahoma and northwestern Arkansas (e.g., see Keyworth, 2000; Sahoo et al., 2003; White et al., 2003) ; these studies generally used a passive diffusion periphytometer to measure chlorophyll a content response to N, P and N plus P treatments (Matlock et al., 1998) . We used average SRP concentrations from these studies, as well as the average ratio of chlorophyll a response from control substrate to the N plus P enriched substrate. This ratio has been defined as a measure of the assimilative capacity or trophic state of streams, i.e. LETSI (Matlock et al., 1999b) . The theory behind our data compilation was that LETSI will exponentially rise to a maximum with increasing concentrations of the nutrient regulating algal growth; this approach has been used in the Bosque River catchment in central Texas and is described by Kiesling et al. (2001) .
RESULTS AND DISCUSSION
The breakdown of percentile distributions of median TP concentrations showed some distinct differences between stream order and slope, and also geographic areas (Table 1) . The focus of this paper centers around the percentile distribution of median TP concentrations in Ozarks streams of Oklahoma. The median TP concentrations in each percentile from Ozark streams was generally greater than that observed in the Ouachita Mountains but less than that observed from all Oklahoma streams. The 25 th percentile TP concentrations for all Ozark Highland streams was 0.007 mg L -1 (USEPA, 2000a), considerably less than the 25 th percentile of median TP concentrations in the various stream categories when only using water-quality data from Oklahoma streams and a few in Arkansas near the Oklahoma and Arkansas border. The USEPA has suggested that the 25 th percentile TP concentrations of all streams may be a target for establishing numeric TP criterion (USEPA, 2000c).
Another method suggested by the USEPA (2000c) defines the target numeric TP criterion using the 75 th percentile TP concentrations from relatively pristine, undeveloped (low impacted) streams. The OWRB has used this concept to establish a numeric TP criterion of 0.037 mg L -1 in Oklahoma's Scenic Rivers (OWRB, 2002) , and four of these Scenic Rivers flow from the Ozark Plateaus of northwestern Arkansas into northeastern Oklahoma. This TP criterion was based on nutrient concentrations and yields from relatively undeveloped basin across the USA (Clarke et al., 2000) . This criterion was generally less than the 25 th percentile median TP concentration of Ozark streams (Table 1) , except for the smaller headwater stream (stream order ≤ 3). However, the criterion was greater than the 25 th percentile from Ouachita Mountain streams. Ozark streams of northeastern Oklahoma and northwestern Arkansas have been the focus of many scientific investigations, and many of these streams are highly impacted by municipal point sources (e.g., see Haggard et al., 2001 ). This specific impact may influence the percentile distribution of median TP concentrations in the Ozarks Plateaus when limiting water-quality data to this region.
Numeric nutrient criteria are designed to protect the designated beneficial uses of an individual streams, and most often beneficial use impairments from excessive algal growth are potentially related to elevated nutrient concentrations. Thus, numeric TP criterion specifically targeting the control of nuisance algal biomass needs to be tied into the growth of algae in streams. Several studies have shown positive correlation between periphytic chlorophyll a concentrations and dissolved nutrients (Biggs, 2000) and/or total nutrients (Dodds et al., 1997) . Another approach, recently defined in central Texas (Kiesling et al., 2001) , uses the relation between the ratio of ambient chlorophyll a levels on an artificial substrate to chlorophyll a levels on the nutrient enrichment treatment (LETSI, Matlock et al. 1999b ) and soluble or TP concentrations. When this ratio or LETSI approach one with increasing SRP concentrations, the supply of SRP theoretically would not limiting algal growth. Thus, SRP concentrations in streams required to limit chlorophyll a levels or algal growth must be less than the SRP concentration when LETSI approaches an asymptote near one. In the nine Ozark streams, where average LETSI and SRP concentrations were available, the average SRP concentration corresponding to this asymptote is near 0.020 mg L -1 (Figure 1 ). However, this SRP concentration should be interpreted cautiously because limited data was available from streams with SRP concentrations less than 0.020 mg L -1 . 
CONCLUSION
The development of numeric P criteria in Ozark streams of Oklahoma is inevitable, and in some Ozark streams (i.e., Oklahoma's Scenic Rivers) a TP criterion has already been established. The percentile distribution of median TP concentrations in Oklahoma streams varied across the state, particularly between the Ozark Highlands and Ouachita Mountains. The 25 th percentile of median TP concentrations in Ozarks streams was generally greater than Oklahoma's Scenic River TP criterion, except in smaller headwater streams. It may be possible to relate SRP concentrations in Ozark streams to a simple measure of trophic state (LETSI) and determine SRP concentrations which may limit the potential for algal growth in Ozark streams. However, much consideration must be given to physical factors, particularly discharge, limiting the production of stream algae or affecting water-quality monitoring strategies.
